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. Thorax, 31, [527] [528] [529] [530] [531] [532] [533] . Evolution of disabiity in coalworkers' pneumoconiosis. Retrospective analysis of the results of serial ventilatory capacity tests (FEVY.O), which had extended over an average period of almost 15 years, has been carried out in 215 miners and ex-miners who suffer with coalworkers' pneumoconiosis. All were unselected previously diagnosed cases who attend the Cardiff Pneumoconiosis Panel at regular intervals for re-assessment examinations. They consisted of 68 miners and 147 ex-miners and they were divided into three groups according to their radiological category at their most recent examination, carried out in either 1973 or 1974. There were 90 cases of category B progressive massive fibrosis (PMF), 50 cases of category A PMF and 75 cases of simple pneumoconiosis. Findings for the 38 life-long non-smokers within the 215 were compared with those for the smokers.
All three groups showed progressive impairment of ventilation over the whole period of observation. This was most marked in the category B cases but this group had already acquired a substantial proportion of their eventual impairment while still classified radiologically as category A or as simple pneumoconiosis. These findings are not compatible with the view that coalworkers' pneumoconiosis does not cause significant impairment of ventilation until the category B radiological stage is attained; they suggest rather that cases destined to progress to serious disablement show evidence of progressive impairment of ventilation at very much earlier radiological stages. Non-smokers showed a pattern of impairment similar to that of the smokers but were less disabled; the differences, however, were slight and not statistically significant.
There is general agreement among writers on the subject that coalworkers' pneumoconiosis can be a cause of substantial respiratory disability and premature death in its later stages, when the radiological assessment has reached at least category 'B' progressive massive fibrosis; but whether this disease can cause significant disablement at earlier radiological stages than this is still open to question. Evidence from the Pneumoconiosis Research Unit of the Medical Research Council, Gilson and Hugh Jones (1955) , Carpenter et al. (1956) , and Cochrane, Moore, and Thomas (1961) indicated that simple pneumoconiosis per se was probably not a cause of significant disability, and Cochrane (1973) suggested that simple pneumoconiosis together with early category 'A' progressive massive fibrosis caused neither premature death nor significant respiratory disability.
In contrast, Rogan et al. (1961) , Ashford et al. (1968) , and Morgan et al. (1971) found evidence of disturbance of lung function which was related to the radiological category in simple pneumoconiosis, and Lyons et al. (1972) found evidence of progressive impairment of ventilatory capacity at all radiological stages of the disease which was related to emphysema but not to the radiological category of simple pneumoconiosis. Many of the aforementioned studies were carried out on working miners, thereby excluding the more disabled and elderly ex-miners, and most of them were concerned with a single aspect of lung function tested at one point in time only. In a chronic progressive disease like coalworkers' pneumoconiosis, one might expect that serial tests carried out on the same individuals would be of more value.
Serial tests of respiratory function were, in fact, included in the study of Lyons et al. (1972) and 527 also in an earlier study by Higgins and Oldham (1962) , but in both of these the period of observation was probably too small (amounting to not more than five years) for the results to be very conclusive.
Obviously longer periods of observation should prove more revealing concerning the evolution of disability in the disease, and since serial tests of ventilatory capacity (Ryder et al., 1970) , we indicated why, in our view, because of the activities of the NCB Radiological Service, most cases of pneumoconiosis eligible for compensation should be known to the Panel, and these reasons apply even more forcibly to men with progressive massive fibrosis. Hence we believe that such a sample should be reasonably representative of those categories of pneumoconiosis in the coal-mining community as a whole in South Wales since it seems most unlikely that a substantial number of potentially diagnosable cases could be unknown to the Panel at the present time.
The majority of the PMF cases were collected between June and October 1973, and all of the cases of simple pneumoconiosis plus a few additional PMF cases were collected between May and August 1974. The exceptions were as follows:
(a) cases who were considered to be category B radiologically over the entire period of physiological observation, that is, category B before the time of the first pulmonary function test. Such cases are recognized to suffer with progressive disablement, and no purpose relevant to the current investigation would be served by including them;
(b) cases who were too ill to attend at the Panel and were thus seen at home for their routine examinations were also excluded since recent comparable ventilatory capacity findings were not available for them; (c Table I shows the average age and average duration of exposure to dust underground for each of the radiological categories. The average age of the 215 miners was 60 years and the exposure to dust underground 36 years. Although the cases with simple pneumoconiosis were two years younger on average and had three years' shorter duration of exposure to dust, these differences were not statistically significant. Radiological regression of simple category of pneumoconiosis is well recognized as occurring in cases with PMF where it is usually attributed to progressing emphysema and fibrosis. It is not so widely recognized that similar regression can occur in cases of simple pneumoconiosis, but it seems that it does occur and is probably brought about by the same processes. In the present cases it is acknowledged that differences in film quality and of radiological technique may have contributed to apparent lack of progression and regression, but the films were on the whole quite comparable, the bulk of them having been taken within the Panel, and the present readers are satisfied that actual radiological regression had taken place in some cases, notably in terms of nodulation.
It seems likely that in miners who have left significant dust exposure, pathological sequelae may continue to develop without further corelated radiological progression of the classical simple nodular variety. We described and reported some evidence to this effect (Lyons et al., 1974) in a group of deceased miners, some of whom had also shown radiological regression during life. The primary purpose of this study, however, is to demonstrate the degree and the progression of pulmonary disability by men suffering from this disease. Pulmonary disability has been measured by the deficit in FEV1.0 adjusted for age and height according to Cotes' (1968) Figure. All groups of pneumoconiotics show a progressive pulmonary disability both at the recent examination and at all the previous examinations. The cases of simple pneumoconiosis and of category A behave in a similar way with a deficit greater than their expected value for age of ap- proximately 600 ml at the recent examinations and of approximately 420 ml at the first examination 14 or 15 years previously. In this interval of time the men will also, of course, have lost on average 500 ml due to advancing age, and hence 600 ml deficit at the age of 60 is a greater disabilty than 420 ml was at the age of 45. In these cases the increase in pulmonary disability had been slow and would be hardly perceptible over a period of five years.
In the group of men destined to reach category B their recent pulmonary deficit (mean: 870 ml) was greater than was that of the other two groups. Fifteen years earlier these men already had a deficit of 520 ml which was more severe than that of the other two groups. At the intermediate stage, after seven years when their radiological category was A/B their deficit had increased to 650 ml, which was similar to the deficit of the other groups after 14 or 15 years. Thus this increasing deficit in pulmonary capacity was progressive during the whole of the period under study. It was not a step function with rapid deterioration at the onset of category B.
The average annual increase in the rate of fall of FEV1.0 over that expected is shown in Table  IV The differential findings for ventilatory impairment in cigarette smokers and non-smokers are set out in Table V . All the groups had a deficit in FEV1.0 greater than the expected value, and this deficit increased over the 14-year period of observation. The deficit was greater in the smokers than the non-smokers in all except the small group of eight category A cases when considered on their own rather than in combination with the 14 simple cases when the uniformity is restored. None of the differences, however, between smokers and non-smokers is statistically significant (t<2-0; P>005). In comparing the ventilatory findings of cigarette smokers and life-long non-smokers, it must be kept in mind that the expected values of the latter may be up to a litre more than that of the smokers (Wilson et al., 1960) . Insofar as the present cases are concerned, since the largest difference between the groups at any point is 0-46 1, and usually considerably less, it seems reasonable to assume that there is impairment of ventilatory capacity in all of the cases which is not due to the effects of smoking, and which is probably affecting both smokers and non-smokers in equal measure, the most probable cause of this being pneumoconiosis. pathological changes of pneumoconiosis were not already present. Many authors have described finding established simple pneumoconiosis at necropsy in so-called category 0 cases. Lyons et al. (1972; 1974) , Naeye (1972) , Heitzman et al. (1972) , and Gough, James, and Wentworth (1949) maintained that widespread focal emphysema may have no radiological counterpart. It seems quite conceivable, therefore, that some degree of impairment of ventilatory capacity due to pneumoconiosis may be present in some cases before significant radiological changes are manifest. Such would be quite consistent with our present findings as the Figure might suggest. The degree of ventilatory impairment present in the cases at the beginning of the period of observation coupled with the subsequent abnormal annual fall of FEV.0 indicates that the impairment in some must have begun considerably earlier than the time of the first FEV and presumably at a much earlier radiological stage, possibly even a pre-radiological stage.
It is difficult to reconcile the ventilatory findings in these category B cases with the view that neither the simple nor the category A stages of coalworkers' pneumoconiosis cause respiratory disability while accepting that the category B stage does. Our evidence suggests that cases destined to progress to category B show evidence of it long before that category is reached, and we believe that retrospective assessment of existing category B cases will, in general, show this to be the case if serial physiological observations are carried out. Only one case with a normal FEV at the A/B stage exhibited the average deficit of 0 84 or more at the category B stage.
The separate groups of category A and simple pneumoconiosis cases are less disabled than the category B cases, despite approximately similar dust exposure and age groups. They are presumably less susceptible to the effects of dust for constitutional and other reasons which may not be apparent. It seems reasonable to conclude, nevertheless, having regard to the reduced average ventilatory findings and the increasing fall in FEV per annum, that a proportion of cases must be significantly disabled on an individual basis, and also that some cases may not show significant disablement until comparatively late in life. On the other hand, it seems that an increased rate of fall of FEV starts at an early stage of the disease, and it may be that serial observations of ventilatory capacity might prove more valuable than radiology in the early detection of susceptible cases.
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